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nected to the photodetector and a bypass device interposed
between the photodetector and a power supply voltage.
Accordingly, even though excess charges may be generated
in the photodetector, the excess charges flow 1nto the power
supply through the bypass device. Blooming can thereby be
reduced or suppressed.
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IMAGE SENSORS INCLUDING
PHOTODETECTOR AND BYPASS DEVICE
CONNECTED TO A POWER SUPPLY
YOLTAGE

RELATED APPLICATION

This application claims the benefit of Korean Patent
Application No. 2002-0033639, filed Jun. 17, 2002, the
disclosure of which 1s hereby incorporated herein by refer-
ence 1n 1ts entirety as if set forth fully herein.

FIELD OF THE INVENTION

The present mvention relates to semiconductor devices
and fabrication methods thereof, and more particularly to
semiconductor-based 1mage sensors and fabrication meth-
ods thereof.

BACKGROUND OF THE INVENTION

Solid-state (semiconductor-based) i1mage sensors are
widely used 1in cameras or the like. A solid-state 1mage
sensor includes a plurality of pixels, which may be two
dimensionally arrayed. The pixels employ a photodetector

such as a photo diode, Charge Coupled Device (CCD)
and/or other photodetectors.

Solid-state 1mage sensors may suifer from a problem that
1s known as “blooming.” Blooming 1s a phenomenon that
occurs when the number of charge carriers generated 1n a
pixel by the incident light exceeds the charge storage capac-
ity of the pixel. These excess charges may be 1njected into
an adjacent pixel or an adjacent active region, which can
degrade performance of the image sensor.

An antiblooming structure for a solid state 1mage sensor
1s described 1n U.S. Pat. No. 5,349,215 to Anagnostopoulos
et al., entitled Antiblooming Struciture For Solid-State Image
Sensor. As described therein, solid-state 1mage sensors, 1n
ogeneral, comprise a photodetector for detecting radiation
from the image and converting the radiation to charge
carriers, and transfer means for carrying the charge carriers
to an output circuit. One type of solid-state 1mage sensor
uses a CCD as both the photodetector and the transfer
means. The solid-state 1mage sensor generally includes a
plurality of the CCD’s arranged in spaced parallel relation to
form an array. The 1image sensor of this disclosure utilizes
only one antiblooming lateral overflow barrier. The excess
signal charge of phase 1 flows 1nto the preceding phase 2 and
1s saved. This eliminates the overtlow barrier of phase 1 so
that blooming protection 1s via the overtlow barrier of the
preceding phase 2. This results in an i1mage sensor with
blooming protection and increased charge capacity. Anti-
blooming techniques are also described in U.S. Pat. Nos.
6,259,124, 6,051,852; 5,867,215; 5,804,844, 5,702,971; and
5,585,298.

SUMMARY OF THE INVENTION

Semiconductor-based 1mage sensors according to some
embodiments of the mnvention include at least one pixel that
comprises a photodetector, at least one switching device
serially connected to the photodetector and a bypass device
connected to the photodetector. The bypass device has two
terminals, which are connected to the photodetector and a
power supply voltage terminal (also simply referred to as a
power supply voltage), respectively. In some embodiments,
the photodetector 1s a photo diode.

In some embodiments, the at least one switching device
comprises a transfer transistor, a reset transistor, a sensing
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transistor and a pull-up transistor, which are serially con-
nected to the photodetector. A first node between the transfer
transistor and the reset transistor 1s electrically connected to
the gate electrode of the sensing transistor, and a second
node between the reset transistor and the sensing transistor
1s electrically connected to the power supply voltage. In
addition, the gate electrode of the reset transistor 1s electri-
cally connected to a reset line. Also, the gate electrode of the
transfer transistor 1s electrically connected to a transfer line.
Further, the gate electrode of the pull-up transistor 1s elec-
trically connected to a word line.

In some embodiments, the bypass device 1s a resistor. In
some embodiments, the potential barrier between the pho-
todetector and the resistor 1s lower than the potential barrier
between the photodetector and the switching device.

In other embodiments, the bypass device may be an
insulated gate field effect transistor, referred to herein as a
metal-oxide-semiconductor (MOS) transistor, having a
dummy gate electrode. The source region and the drain
region of the MOS transistor are connected to the photode-
tector and the power supply voltage, respectively. The
dummy gate electrode may be floated or grounded.

Semiconductor-based 1mage sensors according to other
embodiments of the invention include at least one pixel that
includes an 1solation layer in a semiconductor substrate to
define an active region. The active region comprises a first
active region, a second active region that extends from the
first active region and a third active region that extends from
the first active region. In some embodiments, the third active
region 1S connected to another second active region 1n an
adjacent pixel. A photodetector 1s 1n the first active region.
At least one switching device 1s 1n the second active region.
Also, a bypass device 1s 1n the third active region.

In some embodiments, the photodetector 1s a photo diode
that includes a region of a first conductivity type at a surface
of the first active region and a well region of a second
conductivity type surrounding a bottom and sidewalls of the
first conductivity type region. The first and second conduc-
fivity types may be P-type and N-type respectively, or
viCe-versa.

In some embodiments, the at least one switching device
comprises a transfer transistor, a reset transistor, a sensing
transistor and a pull-up transistor, which are serially con-
nected 1 the second active region. In some embodiments,
the pull-up transistor has a pull-up gate electrode that
crosses over the second active region, and the transfer
fransistor has a transfer gate electrode that crosses over the
second active region between the pull-up gate electrode and
the first active region. The transfer gate electrode 1s disposed
adjacent the first active region.

In some embodiments, the reset transistor has a reset gate
clectrode that crosses over the second active region between
the transier gate electrode and the pull-up gate electrode, and
the sensing transistor has a sensing gate electrode that is
disposed across the second active region between the pull-up
gate electrode and the reset gate electrode. The sensing gate
clectrode 1s electrically connected to the second active
region between the transter gate electrode and the reset gate
clectrode through a first local interconnection. In addition,
the third active region 1s connected to a second active region
in another pixel, which 1s adjacent to the third active region.
In some embodiments, the third active region 1s connected
to the second active region between a reset gate electrode
and a sensing gate electrode 1n the adjacent pixel.

In some embodiments, the bypass device 1s a resistor 1n
the third active region. In some embodiments, a potential
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barrier between the photodetector and the resistor 1s lower
than a potential barrier between the photodetector and the
transfer transistor.

In other embodiments, the bypass device 1s a MOS
transistor. The MOS transistor comprises a dummy gate
clectrode that crosses over the third active region. The
dummy gate electrode may be floated or grounded.

According to still other embodiments of the present
invention, methods are provided for fabricating at least one
pixel of a semiconductor-based 1mage sensor. An 1solation
layer 1s formed 1n a semiconductor substrate. The 1solation
layer defines a first active region, a second active region that
extends from the first active region, and a third active region
that extends from the first active region. In some
embodiments, the third active region 1s connected to a
second active region 1n a neighboring pixel, which 1s adja-
cent to the first active region. A well region of a second
conductivity type 1s formed at the first active region. A
region of a first conductivity type 1s formed in the well
region, at the surface of the first active region.

A transfer transistor, a reset transistor, a sensing transistor
and a pull-up transistor, which are serially connected to the
well region, are formed 1n the second active region. The
transfer transistor 1s formed adjacent the first active region.
The transfer transistor, the reset transistor, the sensing tran-
sistor and the pull-up transistor have a transfer gate
clectrode, a reset gate electrode, a sensing gate electrode and
a pull-up gate electrode, respectively. The transfer gate
clectrode, the reset gate electrode, the sensing gate electrode
and the pull-up gate electrode are formed across the second
active region. In some embodiments, the third active region
1s connected to a second active region between a reset gate
electrode and a sensing gate electrode formed 1n the adjacent
pixel.

An 1nterlayer insulation layer is formed on the substrate
including on the transier transistor, the reset transistor, the
sensing transistor and the pull-up transistor. The interlayer
insulation layer 1s patterned to form contact holes that
expose the second active region between the transfer gate
clectrode and the reset gate electrode as well as the sensing
gate electrode. A first local interconnection 1s formed on the
interlayer insulation layer. The first local interconnection
clectrically connects the sensing gate electrode with the
second active region between the transfer gate electrode and
the reset gate electrode through the contact holes.

In some embodiments, the first and second conductivity
types are P-type and N-type respectively. In this case, the
transfer transistor, the reset transistor, the sensing transistor
and the pull-up transistor are preferably N-channel MOS
fransistors.

In other embodiments, a first 10on implantation process and
a second 1on 1mplantation process may be applied to the
surfaces of the second active region and the third active
region respectively, prior to formation of the transfer
transistor, the reset transistor, the sensing transistor and the
pull-up transistor. In some embodiments, the second active
region that 1s formed with the first 1on 1mplantation process
has a potential barrier, which 1s higher than that of the third
active region that 1s formed with the second 10n 1implantation
Process.

In other embodiments, a dummy gate electrode 1s formed
across the third active region during formation of the trans-
fer gate electrode, the reset gate electrode, the sensing gate
clectrode and the pull-up gate electrode. Further, a fourth
active region, which 1s spaced apart from the first to third
active regions, may be additionally defined during formation
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of the 1solation layer. In some embodiments, the fourth
active region 1s doped with P-type impurities, thereby acting,
as a pick-up region connected to a ground terminal. The
dummy gate electrode and the fourth active region are
exposed during formation of the contact holes. The exposed
dummy gate electrode and the exposed fourth active region
are eclectrically connected to each other through a second
local mterconnection. The second local interconnection 1s
formed during formation of the first local interconnection.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an equivalent circuit diagram of a pixel array
region according to embodiments of the present invention;

FIG. 2 1s a top plan view showing a portion of a pixel
array region according to embodiments of the present mnven-
tion;

FIG. 3A 1s a cross sectional view taken along the line I—I
of FIG. 2;

FIG. 3B 1s a cross sectional view taken along the line
[I—II of FIG. 2;

FIG. 4A 1s a diagram showing a potential level with
respect to electrons along the line I—I of FIG. 2;

FIG. 4B 1s a diagram showing a potential level with
respect to electrons along the line II—II of FIG. 2;

FIGS. 5A to 7A are cross sectional views, taken along the
line I—I of FIG. 2, 1llustrating methods of fabricating pixels
according to embodiments of the present invention; and

FIGS. 5B to 7B are cross sectional views, taken along the
line II—II of FIG. 2, illustrating methods of fabricating
pixels according to embodiments of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present mvention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. However,
this mvention should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the mvention
to those skilled in the art. In the drawings, the thickness of
layers and regions are exaggerated for clarity. Like numbers
refer to like elements throughout. It will be understood that
when an element such as a layer, region or substrate 1s
referred to as being “on” or extending “onto” another
clement, 1t can be directly on or extend directly onto the
other element or intervening elements may also be present.
In contrast, when an element 1s referred to as being “directly
on” or extending “directly onto” another element, there are
no 1ntervening elements present. It will also be understood
that when an element 1s referred to as being “connected” or
“coupled” to another element, it can be directly connected or
coupled to the other element or intervening elements may be
present. In contrast, when an element 1s referred to as being,
“directly connected” or “directly coupled” to another
clement, there are no 1ntervening elements present.

FIG. 1 1s an equivalent circuit diagram of a
semiconductor-based 1mage sensor according to embodi-
ments of the present immvention. The semiconductor-based
image sensor 1includes at least one pixel 1n a region that may
be referred to as a pixel array region.

Referring to FIG. 1, the pixel array region 50 comprises
a plurality of pixels P11, P12, ..., Pln,...,Pml, ..., Pmn,
which, 1n some embodiments, are two dimensionally arrayed
along rows and columns. In other embodiments, a one-
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dimensional array or a single pixel may be provided. In
some embodiments, each of the pixels includes a photode-
tector PD. A photo diode and/or other photosensitive ele-
ment may be employed as a photodetector PD. The photo
diode has a P-type region and an N-type region. If an
incident light ray 1s rrradiated on the photo diode, holes and
clectrons are generated in the P-type region and the N-type
region respectively.

The photodetector PD 1s connected to a switching device.
The switching device may comprise a transfer transistor
T, a reset transistor T,, a sensing transistor T, and a
pull-up transistor T5,,, which are serially connected to the
photodetector PD. A first node N1 between the transfer
transistor T, and the reset transistor T 1s connected to a
gate electrode of the sensing transistor T.. Also, a second
node N2 between the reset transistor T, and the sensing
transistor T 1s connected to a power supply voltage V. In
the event that the photodetector PD 1s a photo diode, in some
embodiments the transfer transistor T,, the reset transistor
T, the sensing transistor T and the pull-up transistor T,,,
are NMOS transistors. In this case, the transfer transistor
T, 1s connected to the N-type region of the photo diode.
That 1s, the N-type region of the photo diode corresponds to
a source region of the transfer transistor T,..

In addition, the photodetector PD 1s connected to one
terminal of a bypass device D,,. The other terminal of the
bypass device D, 1s connected to the power supply voltage
V,p As a result, two pixels, which are adjacent to each
other 1n rows, are also connected through the bypass device
D, as shown in FIG. 1. For example, the photodetector PD
of the first pixel P11 1s connected to the second node N2 of
the second pixel P12 that 1s adjacent to the first pixel P11,
through the bypass device D,p.

The bypass device D, may be a resistor. The resistor may
be doped with P-type dopants. In this case, 1n some embodi-
ments one terminal of the resistor 1s connected to the N-type
region of the photo diode and the other terminal of the
resistor 1s connected to the power supply voltage V. In
some embodiments, the potential barrier between the N-type
region and the P-type resistor 1s lower than the potential
barrier between the N-type region and a channel region of
the transter transistor T',.. This can reduce or prevent excess
charges generated in the photodetector PD from being
injected 1nto the first node N1 through the channel of the
transfer transistor T .. In other words, 1t can reduce or
prevent excess electrons generated 1 the N-type region of
the photo diode due to mcident light from flowing into the
first node N1 through the channel region of the transfer
transistor T ..

In other embodiments, the bypass device D, may be an
NMOS transistor having a dummy gate electrode. In this
case, a source region of the bypass NMOS ftransistor 1s
connected to the N-type region of the photo diode, and a
drain region of the bypass NMOS transistor 1s connected to
the power supply voltage V,,. Also, the dummy gate
clectrode may be floated, grounded or tied to some other
potential. In some embodiments, the potential barrier
between the N-type region of the photo diode and the
channel region of the bypass NMOS transistor 1s lower than
the potential barrier between the N-type region of the photo
diode and the channel region of the transfer transistor T ..
In other words, the threshold voltage of the bypass NMOS
transistor 1s preferably lower than that of the transfer tran-
sistor T,. Accordingly, even though excess electrons are
generated 1n the N-type region of the photo diode due to the
incident light, the excess electrons flow into the power
supply voltage V,, through the bypass NMOS transistor. As
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a result, the sensing transistor T 1s not turned on. Therefore,
it 1s possible to reduce or suppress the “blooming” phenom-
enon and/or malfunction of the image sensor, which may be
due to the excess electrons.

In some embodiments, N-number of pixels P11, P12, . . .,
Pln, which are arrayed in the first row, are connected to a
first reset line RLL1, a first transfer line TL.1 and a first word
line WL1 that are parallel with the first row. In detail, gate
clectrodes of the transfer transistors T, arrayed in the first

row are connected to the first transfer line TL1, and gate
clectrodes of the reset transistors T arrayed in the first row
are connected to the first reset line RL1. Also, gate elec-
trodes of the pull-up transistors T,,, arrayed in the first row
are connected to the first word line WL1. Similarly,
n-number of pixels P21, P22, . . ., P2n, which are arrayed
In the second row, are connected to a second reset line RLL2,
a second transfer line TL.2 and a second word line WL2, and
n-number of pixels Pm1, Pm2, . . ., Pmn, which are arrayed
in the m-th row, are connected to an m-th reset line RLm, an
m-th transfer line TLm and an m-th word line WLm.

In addition, in some embodiments, m-number of pixels
P11, P21, . . ., Pml, which are arrayed 1n the first column,
are connected to a first pull down transistor T,,,,. In detail,
source regions of the pull-up transistors T,,, in the first
column are connected to a drain region of the first pull down
transistor T,,,. Similarly, source regions of the pull-up
transistors T,,, 1n the second column are connected to a
drain region of a second pull down transistor T,,,, and
source regions of the pull-up transistors Tp,, in the n”
column are connected to a drain region of an n” pull down
transistor 15, . The source regions and the gate electrodes
of the pull down transistors T, Tprs, - - -, Tpp, are
connected to a ground terminal and a selection line SL
respectively.

Methods of outputting data in the pixels shown in FIG. 1
will be described. Referring to FIG. 1 again, a voltage
corresponding to logic “1” 1s applied to the plurality of reset
lines RL1, RL2, . . ., RLm to turn on all of the reset
transistors T,. As a result, all of charges that exist in the first
nodes N1 are removed. Therefore, all of the pixels are
mnitialized. The reset transistors T are then turned off. If
incident light 1s 1rradiated on the 1mitialized pixels, charges
are generated 1n the photodetectors PD due to the incident
light. In the event that the photodetectors are photo diodes
and the transfer transistors T, the reset transistors T, the
sensing transistors T and the pull-up transistors Tp,, are
NMOS ftransistors, electrons are generated in the N-type
regions of the photo diodes.

A voltage corresponding to logic “1” 1s applied to the first
transfer line TL1, the first word line WL1 and the selection
line SL 1n order to output the data of the pixels P11, ..., Pln
in the first row. As a result, the n-number of pull down
transistors To54, . . ., Tpp,, as well as the transtfer transistors
T, and the pull-up transistors T,,,1n the first row are turned
on. Thus, the electrons 1n the N-type impurity regions of the
photo diodes 1n the first row are 1njected 1nto the first nodes
N1 of the pixels in the first row, and driving abilities of the
sensing transistors T are determined according to amount of
the electrons injected into the first nodes N1. As a result, a
first to an n” currents I1, . . . , In flow through the sensing
transistors T in the first row respectively, and the first to n”
currents I1, . . . , In flow to the ground terminal through the
first to n” pull down transistors Ty, . . . , Tpp, Tespec-
tively. Therefore, a first to an n” output voltages V4, . . .,
V,, are 1nduced at the drain regions of the pull down
transistors Trpq, . . ., Tpp,, respectively. Magnitudes of the
first to n” output voltages V4, . . . , V., are determined
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according to the amount of the first to n” currents I1, . . . ,
In. The first to n” output voltages V., . .., V,,, correspond
to the data of the first to n” pixels in the first row respec-
fively.

Similarly, a voltage corresponding to logic “1” can be
applied to the second transter line TL2, the second word line
WL2 and the selection line SL in order to output the data of
the pixels P21, . . ., P2n 1n the second row. Thus, the data

of all pixels 1n the pixel array region 50 can be output using
the above method.

According to embodiments of the mvention, even though
excess electrons are generated 1n at least one of the photo
diodes, blooming and/or malfunction can be reduced or
prevented. For example, i the event that the excess elec-
trons are generated 1n the photo diode of the first pixel P11,
the excess electrons tlow 1nto the power supply voltage V1,
through the bypass device D, 1n the first pixel P11.
Accordingly, embodiments of the mmvention can reduce or
prevent the excess electrons 1n the photo diode of the first
pixel P11 from flowing into the first node N1 1n the first pixel
P11 or into the photo diode and the first node N1 of the other
pixel (P12 or P21) adjacent to the first pixel P11.

FIG. 2 1s a top plan view showing a portion of a pixel
array region according to embodiments of the present mven-
tion. Also, FIG. 3A 1s a cross sectional view taken along the
line I—I of FIG. 2, and FIG. 3B 1s a cross sectional view
taken along the line II—II of FIG. 2. Here, FIG. 2 1llustrates
a top plan view of the pair of pixels P11 and P12, for
example as shown 1n FIG. 1. A structure of the pixel array
region according to some embodiments of the present inven-
tion will now be described with reference to FIGS. 2, 3A and
3B.

Referring to FIGS. 2, 3A and 3B, an isolation layer 3 1s
disposed at a predetermined region of a semiconductor
substrate 1 of a first conductivity type, e.g., a P-type semi-
conductor substrate. The 1solation layer 3 defines a first to a
third active regions 3a, 3b and 3¢ 1n each of the pixel
regions. The second active region 3b extends from the first
active region 3a, and the third active region 3¢ also extends
from the first active region 3a.

A photodetector PD such as a photo diode 1s formed 1n the
first active region 3a. In detail, a well region 7 of a second
conductivity type, €.2., an N-well region 1s formed at the first
active region 3a. In addition, a region 5 of a first conduc-
fivity type, e.g., a P-type region 1s formed at the surface of
the N-well region 7. As a result, the well region 7 surrounds
the sidewall and the bottom of the impurity region 5. The
impurity region 5 and the well region 7 constitute a photo
diode. At least one switching device 1s disposed at the
second active region 3b. The at least one switching device
may comprises a transfer transistor (e.g., T, of FIG. 1), a
reset transistor (e.g., T of FIG. 1), a sensing transistor (¢.g.,
T of FIG. 1) and a pull-up transistor (e.g., Ty, of FIG. 1),

which are formed 1n the second active region 3b.

The transfer transistor includes a transfer gate electrode
TG that crosses over the second active region 3b, and the
transfer gate electrode TG 1s disposed adjacent the first
active region 3a. Similarly, the pull-up transistor includes a
pull-up gate electrode PUG that crosses over the second
active region 3b. The reset transistor includes a reset gate
clectrode RG that crosses over the second active region
between the transter gate electrode TG and the pull-up gate
electrode PUG, and the sensing transistor includes a sensing
gate electrode SG that crosses over the second active region
between the reset gate electrode RG and the pull-up gate

electrode PUG.
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The N-well region 7 acts as a source region of the transfer
transistor. Also, the second active region that forms gate

clectrodes TG, RG, SG and PUG 1s doped with N-type
dopants. As a result, the transfer transistor, the reset
transistor, the sensing transistor and the pull-up transistor are
NMOS transistors. However, 1n other embodiments, the first
conductivity type and the second conductivity type may be
an N-type and a P-type respectively. In this case, the photo
diode 1s composed of a P-well region formed at the first
active region 3a and an N-type impurity region surrounded
by the P-well region, and the transfer transistor, the reset
transistor, the sensing transistor and the pull-up transistor are
all PMOS ftransistors. For the purpose of ease and conve-
nience 1n explanation of the embodiments to be described
hereinafter, 1t 1s considered only that the first and second

conductivity types are P-type and N-type respectively.

The second active region 3b between the transfer gate
clectrode TG and the reset gate electrode RG corresponds to
a floating diffusion region FD (the first node N1 of FIG. 1).
Also, the second active region 3b between the reset gate
clectrode RG and the sensing gate electrode SG corresponds
to a reset diffusion region RD (the second node N2 of FIG.
1). The reset diffusion region RD is electrically connected to
a power supply voltage V. The third active region 3¢ 1n
the first pixel P11 1s connected to another second active
region 3b in the second pixel P12, which 1s adjacent to the
first pixel P11. In more detail, the third active region 3¢ 1n
the first pixel P11 i1s connected to another reset diffusion
region RD 1n the second pixel P12.

A bypass device (Dgp of FIG. 1) is formed at the third
active region 3c¢. In some embodiments, the bypass device
D, 1s an NMOS transistor as shown 1 FIGS. 2, 3A and 3B.
In other embodiments, the bypass device D, may be a
resistor formed at the third active region 3c¢. In the event that
the bypass device 1s the NMOS transistor, a dummy gate
clectrode DG 1s disposed across the third active region 3c.
Thus, the N-well region 7 of the photo diode acts as a source
region of the bypass NMOS transistor, and the reset ditfu-
sion region RD connected to the third active region 3¢ acts
as a drain region of the bypass NMOS transistor. The
dummy gate electrode DG may be floated, grounded or
connected to another potential. In order to ground the
dummy gate electrode DG, each of the pixels may further
comprise a fourth active region 3d, which 1s spaced apart
from the first to third active regions 3a, 3b and 3c¢. The fourth
active region 3d 1s doped P-type and 1s connected to a
oground terminal. As a result, the fourth active region 34 acts
as a P-type pick-up region.

In some embodiments, doping of a channel region of the
transfer transistor can be controlled using at least a first 10n
implantation process IM1. In addition, doping of the third
active region 3¢ can be controlled using a second ion
implantation process IM2. The first and second 1on 1implan-
tation processes IM1 and IM2 are performed in some
embodiments so that a potential barrier between the N-well
region 7 and the third active region 3¢ 1s lower than a
potential barrier between the N-well region 7 and the
transfer channel region.

The substrate having the transistors 1s covered with an
interlayer insulation layer 9. The floating diffusion region
FD and the sensing gate electrode SG are exposed by contact
holes CT that pass through the interlayer insulation layer 9.
In the event that each of the pixels comprises the pick-up-
region 3d and the dummy gate electrode DG, then the
dummy gate electrode DG and the pick-up region 3d may
also be exposed by additional contact holes CT that pass
through the interlayer insulation layer 9. A first and a second
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local 1nterconnection LI' and LI" are disposed on the inter-
layer insulation layer 9. The first local mterconnection LI
clectrically connects the sensing gate electrode SG with the
floating diffusion region FD through the contact holes CT,
and the second local interconnection LI" electrically con-
nects the dummy gate electrode DG with the pick-up region
3d through the contact holes CT. If the dummy gate elec-
trode DG 1s grounded, it 1s possible to stabilize the operation
of the bypass NMOS transistor.

FIG. 4A 1s an energy band diagram, taken along the line
I—I of FIG. 1, showing potential levels with respect to
clectrons, and FIG. 4B 1s an energy band diagram; taken
along the line II—II of FIG. 1, showing the potential levels
with respect to electrons. In FIG. 4A, solid lines indicate the
potential levels under an equilibrium state without any
external electrical bias, and dashed lines indicates the poten-
fial levels with respect to the case that the power supply
voltage V,, 1s applied to the reset diffusion region RD.

Referring to FIGS. 4A and 4B, if incident light 11 1s
irradiated on the photo diode PD, electrons are generated in
the N-well region (7 of FIG. 3A) of the photo diode PD.
Under the equilibrium state, the transfer channel region C;
has a first potential barrier height H1 with respect to the
N-well region 7. Also, the third active region 3c, €.g., a
bypass channel region C,, has a second potential barrier
height H2, a third potential barrier height H3 or a fourth
potential barrier height H4 with respect to the N-well region
7. A potential level of the transfer channel region C,;, €.g.,
a first potential level 21 1s related to a doping concentration
of the transfer channel region C,.. Similarly, a potential
level of the bypass channel region Cgp, €.2., a second
potential level 23, a third potential level 25 or a fourth
potential level 27 1s related to a doping concentration of the
bypass channel region C,, (refer to FIG. 4A). In addition,
a potential level 31a, 315 or 31c of the third active region 3¢
may be subject to a width W1, W2 or W3 of the third active
region 3¢ (refer to FIG. 4B). That is to say, in the event that
the doping concentration (P-type concentration) of the third
active region 3¢ increases, the potential barrier height of the
third active region 3¢ increases. Also, 1n the event that the
width W1, W2 or W3 of the third active region 3¢ decreases,
the potential barrier height of the third active region 3c
increases. Accordingly, it 1s possible to control the final
potential barrier height of the third active region 3¢, e.g., the
bypass device Dgp, to a desired value by appropriately
designing the doping concentration and/or the width of the
third active region 3c.

In FIG. 4 A, the second potential level 23 1s higher than the
first potential level 21, and the third potential level 25 1s
equal to the first potential level 21. Also, the fourth potential
level 27 1s lower than the first potential level 21. In this case,
in some embodiments, the third active region 3c (i.e., the
bypass channel region Cz) has the fourth potential level 27,
which 1s lower than the first potential level 21 of the transfer
channel region C,.. This 1s because excess electrons gen-
erated 1n the N-well region 7 can be bypassed into the power
supply through the third active region 3¢ connected to the
N-well region 7 without any flow into the floated diffusion
region FD. As a result, 1t can reduce or prevent the blooming
phenomenon.

FIGS. 5A to 7A are cross sectional views, taken along the
line I—I of FIG. 2, illustrating methods of fabricating a pixel
array region according to embodiments of the present inven-
tion. FIGS. 5B to 7B are cross sectional views, taken along
the line II—II of FIG. 2, illustrating methods of fabricating
a pixel array region according to embodiments of the present
invention.
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Referring to FIGS. 2, 5A and 5B, an 1solation layer 3 1s
formed 1n a predetermined region of a semiconductor sub-
strate of a first conductivity type, for example, a P-type
semiconductor substrate. The 1solation layer 3 defines a first
active region, a second active region and a third active
region (3a, 3b and 3c of FIG. 2) in the respective pixel
regions. In addition, the 1solation layer 3 may further define
a fourth active region (3d of FIG. 2), which is spaced apart
from the first to third active regions 3a, 3b and 3¢, 1n the
respective pixel regions. The second active region 3b
extends from the first active region 3a. The third active

region 3¢ 1s also extended from the first active region 3a.

Ions of a second conductivity type, €.g., N-type 10ns, are
selectively implanted 1nto the first active region 3a to form
an N-well region 7. Further, first 1ons may be implanted 1nto
the second active region 3b using a first implantation process
IM1. The first implantation process IM1 1s performed in
order to adjust a threshold voltage of MOS transistors to be
formed at the second active region 3b 1n a subsequent
process. In addition, second 1ons may be 1mplanted into the
third active region 3¢ using a second implantation process
IM2. The first and second 1ons may be P-type ions. In this
case, 1n some embodiments, a dose of the second 10ns is
lower than that of the first ions. A gate 1nsulation layer 4 1s
formed on the first to fourth active regions 3a, 3b, 3¢ and 3d.

Referring to FIGS. 2, 6A and 6B, a gate conductive layer
1s formed on the substrate having the gate insulation layer 4.
The gate conductive layer 1s patterned to form a transfer gate
clectrode TG, a reset gate electrode RG, a sensing gate
clectrode SG and a pull-up gate electrode PUG that cross
over the second active region 3b. The transfer gate electrode
TG 1s formed to be adjacent the first active region 3a. In
more detail, in some embodiments, the transfer gate elec-
trode TG 1s formed so that one edge of the transfer gate
clectrode TG 1s overlapped with an edge of the N-well
region 7. Also, the reset gate electrode RG 1s formed to cross
over the second active region 3b between the transfer gate
clectrode TG and the pull-up gate electrode PUG, the
sensing gate electrode SG 1s formed to cross over the second
active region between the reset gate electrode RG and the
pull-up gate electrode PUG. In other embodiments, a
dummy gate electrode DG crossing over the third active
region 3¢ may be additionally formed during formation of
the transfer gate electrode TG, the reset gate electrode RG,

the sensing gate electrode SG and the pull-up gate electrode
PUG.

The third active region 3c¢ 1s connected to another second
active region 3b formed 1n a pixel, which 1s adjacent to the
third active region 3c. In detail, the third active region 3c 1s
connected to the other second active region 3b between
another reset gate electrode RG and another sensing gate
clectrode SG 1n the adjacent pixel. Ions of the second
conductivity type are selectively implanted into the second
and third active regions 3b and 3¢ using the gate electrode
TG, RG, SG, PUG and DG as well as the 1solation layer 3
as 1on implantation masks, thereby forming source/drain
regions of the second conductivity type, e.g., N-type source/
drain regions. The source/drain region between the transfer
gate electrode TG and the reset gate electrode RG corre-
sponds to a floating diffusion region FD, and the source/
drain region between the reset gate electrode RG and the
sensing gate electrode SG corresponds to a reset diffusion
region RD.

Ions of the first conductivity type are selectively
implanted into the first and fourth active regions 3a and 3d.
As a result, a P-type region 5 surrounded by the N-well
region 7 1s formed at the surface of the first active region 3a,
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and a P-type pickup region 15 1s formed at the surface of the
fourth active region 3d. The N-well region 7 and the P-type
region 3 constitute a photo diode PD. In some embodiments,
the P-type region 5 and the P-type pick-up region 15 are
formed prior to formation of the N-type source/drain
regions.

The transfer gate electrode TG, the N-well region 7 and
the floating diffusion region FD constitute a transter NMOS
transistor, and the reset gate electrode RG, the floating
diffusion region FD and the reset diffusion region RD
constitute a reset NMOS ftransistor. Similarly, the sensing
gate electrode SG and the source/drain regions formed at
both sides thereof constitute a sensing NMOS transistor, and
the pull-up gate electrode PUG and the source/drain regions
formed at both sides thereof constitute a pull-up NMOS
transistor. Also, the N-well region 7, the dummy gate
clectrode DG and the reset diffusion region RD adjacent to
the dummy gate electrode DG constitute a bypass NMOS
transistor. In embodiments where the dummy gate electrode
DG 1s not formed, 10ns are not implanted 1nto the third active
region 3¢ during the formation of the N-type source/drain
regions, the P-type region 5 and the P-type pick-up region
15. An imterlayer insulation layer 9 1s formed on the sub-
strate having the source/drain regions, the impurity region 5
and the pick-up region 15.

Referring to FIGS. 2, 7A and 7B, the interlayer insulation
layer 9 1s patterned to form contact holes CT that expose the
sensing gate electrode SG and the floating diffusion region
FD. In some embodiments, the dummy gate electrode DG
and the pick-up region 15 may be also exposed by the
contact holes CT. A conductive layer 1s formed on the
substrate having the contact holes CT. The conductive layer
1s patterned to form a first local interconnection LI' on the
interlayer 1nsulation layer 9. The first local interconnection
LI' electrically connects the sensing gate electrode SG with
the floating diffusion region FD through the contact holes
CT. Further, a second local interconnection LI" may be
additionally formed on the interlayer insulation layer 9
during formation of the first local interconnection LI'. The
second local interconnection LI" electrically connects the
dummy gate electrode DG with the pick-up region 15
through the contact holes CT.

According to some embodiments of the present invention
as described above, the photodetector m the respective
pixels 1s connected to the bypass device. Thus, at least some
excess charge generated 1n the photodetector flows into the
power supply through the bypass device. Therefore, the
blooming phenomenon and/or malfunction of the 1mage
sensor can be reduced or suppressed.

In the drawings and specification, there have been dis-
closed typical preferred embodiments of the invention and,
although specific terms are employed, they are used 1n a
generic and descriptive sense only and not for purposes of
limitation, the scope of the mnvention being set forth 1n the
following claims.

What 1s claimed 1s:

1. A semiconductor-based image sensor including at least
one pixel that comprises:

a photodetector;

at least one switching device serially connected to the
photodetector; and

a bypass device having a first terminal connected to the
photodetector and a second terminal connected to a
power supply voltage, wherein the bypass device 1s a
MOS transistor, a source region and a drain region of
the MOS transistor being connected to the photodetec-
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tor and the power supply voltage, respectively, and a
cgate electrode of the MOS ftransistor being floated,
ogrounded or tied to a fixed potential.

2. The 1image sensor of claim 1, wherein the photodetector
comprises a photo diode.

3. The image sensor of claim 1, wherein the at least one
switching device comprises a transfer transistor, a reset
transistor, a sensing transistor and a pull-up transistor, which
are serially connected to the photodetector, a first node
between the transfer transistor and the reset transistor being,
clectrically connected to a gate electrode of the sensing
transistor, and a second node between the reset transistor and
the sensing transistor being electrically connected to the
power supply voltage.

4. The image sensor of claim 3, further comprising:

a reset line electrically connected to a gate electrode of the
reset transistors;

a transfer line electrically connected to a gate electrodes
of the transfer transistor; and

a word line electrically connected to a gate electrode of
the pull-up transistor.
5. A semiconductor-based image sensor including at least
one pixel that comprises:

a photo diode having a P-type region and an N-type
region;

a transtfer NMOS transistor, a reset NMOS transistor, a
sensing NMOS transistor and a pull-up NMOS tran-

sistor which are serially connected to the N-type region
of the photo diode; and

a bypass device having a first terminal connected to the
N-type region of the photo diode, wherein a second
terminal of the bypass device 1s connected to a power
supply voltage, a first node between the transfer NMOS
transistor and the reset NMOS transistor 1s electrically
connected to a gate electrode of the sensing NMOS
transistor, and a second node between the reset NMOS
transistor and the sensing NMOS ftransistor 1s con-
nected to the power supply, wherein the bypass device
1s an NMOS ftransistor, a channel region of the NMOS
transistor having a lower potential level than a channel
region of the transter NMOS transistor, and a source
region and a drain region of the NMOS transistor being,
connected to the N-type region of the photo diode and
the power supply, respectively, and wherein a gate
clectrode of the NMOS transistor 1s floated, grounded
or tied to a fixed potential.

6. The image sensor of claim 35, further comprising:

a reset line electrically connected to a gate electrode of the
reset NMOS transistor;

a transfer line electrically connected to a gate electrode of
the transfer NMOS transistor; and

a word line electrically connected to a gate electrode of

the pull-up NMOS ftransistor.

7. A semiconductor-based 1mage sensor having at least
one pixel in a semiconductor substrate, the at least one pixel
comprising;:

an 1solation layer i the semiconductor substrate, the

1solation layer defining a first active region, a second
active region that extends from the first active region,
and a third active region that extends from the first
active region;

a photodetector 1n the first active region;

at least one switching device in the second active region;
and

a bypass device 1 the third active region, wherein the
bypass device 1s a MOS transistor, the MOS transistor
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including a dummy gate electrode that crosses over the
third active region, and wherein the dummy gate elec-
trode 1s floated, grounded or tied to a fixed potential.

8. A semiconductor-based i1mage sensor of claim 7,
wherein the photodetector 1s a photo diode including a
region of a first conductivity type at a surface of the first
active region and a well region of a second conductivity type
surrounding a sidewall and a bottom of the region of {first
conductivity type.

9. A semiconductor-based 1mage sensor of claim 8,
wherein the first conductivity type 1s a P-type and the second
conductivity type 1s N-type.

10. A semiconductor-based i1mage sensor of claim 8,
wherein the first conductivity type 1s N-type and the second
conductivity type 1s P-type.

11. A semiconductor-based 1mage sensor of claim 7,
wherein the at least one pixel comprises a pair of adjacent
pixels, wherein the at least one switching device comprises
a transfer transistor, a reset transistor, a sensing transistor
and a pull-up transistor which are serially connected 1n the
second active region, the pull-up transistor having a pull-up
gate electrode that crosses over the second active region, the
transfer transistor having a transfer gate electrode disposed
across the second active region between the pull-up gate
electrode and the first active region and extending adjacent
the first active region, the reset transistor having a reset gate
clectrode that crosses over the second active region between
the transfer gate electrode and the pull-up gate electrode, the
sensing transistor having a sensing gate electrode that
crosses over the second active region between the pull-up
gate electrode and the reset gate electrode, the sensing gate
clectrode being electrically connected to the second active
region between the transfer gate electrode and the reset gate
clectrode through a first local interconnection, and the third
active region being connected to a second active region
between a reset gate electrode and a sensing gate electrode
in an adjacent pixel.

12. A semiconductor-based 1mage sensor having a plural-
ity of pixels 1n a P-type semiconductor substrate, at least two
adjacent pixels comprising;:

an 1solation layer in the semiconductor substrate, the

1solation layer defiming a first active region, a second
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active region that extends from the first active region,
and a third active region that extends from the first
active region to connect the first active region with a

second active region 1n an adjacent pixel;

a photo diode having a P-type region at a surface of the
first active region and an N-well region surrounding a
sidewall and a bottom of the P-type region;

a transfer NMOS transistor, a reset NMOS transistor, a
sensing NMOS transistor and a pull-up NMOS tran-
sistor serially connected 1n the second active region;
and

a bypass device 1n the third active region, the third active
region being connected to the second active region 1n
the adjacent pixel between another reset NMOS tran-
sistor and another sensing NMOS ftransistor in the
adjacent pixel, and a common source/drain region of

the transfer NMOS ftransistor and the reset NMOS

transistor being electrically connected to a gate elec-

trode of the sensing NMOS transistor; wherein the
bypass device 1s a bypass NMOS transistor having a
dummy gate electrode that crosses over the third active
region, the N-well region acting as a source region of
the bypass NMOS transistor, and wherein the dummy
cgate electrode 1s floated, grounded or tied to a fixed
potential.

13. A semiconductor-based 1mage sensor of claim 12,
wherein the transter NMOS ftransistor comprises a transier
gate electrode crossing over the second active region that 1s
adjacent to the first active region, the N-well region of the
photo diode corresponding to a source region of the transfer
NMOS transistor.

14. A semiconductor-based 1mage sensor of claim 12,
wherein a common source/drain region of the reset NMOS
transistor and the sensing NMOS transistor are connected to
a power supply voltage.

15. A semiconductor-based 1mage sensor of claim 12,
further comprising a fourth active region that 1s separated
from the first to third active regions, the grounded dummy
cgate electrode being electrically connected to a ground
terminal through a P-type region 1n the fourth active region.
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